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ANlract, As the sean:h for alternative sources of food to aJieviatc hunger conlinucs. this 
stiKty was undertaken to detenntne nitrogen azwl amino acid conient, chemical scoi«. protein 
digesubiiity corrected amino acid score, aviiJable ly.^inc and in vitro digestibility of H lesser 
icnown. wild tropical seeds, gathered in Nigeria. Results were contrasted witfi a tropical soybean 
XT'^^O^^""'"'*-^ ""^^ '^^^ 1660-15F). The investigated seeds were. Millemn thonningii, 
Ghnctdui sepium Lonchocarpus sericeus. Albizia zygia, DaneilUa ogea and Afzelm Mia 
from the famaly of UgiLT^inosae, Diospyros mespiliformis (Hbenaccac) and Entandrophragma 
angoiense (Mehaccae). The crude protein content, based on lutrcgcn determinatjon, was found 
to be knver m the wild seeds compared to soybean, which was partly due to the relatively bigh 
cjMitcni of mm-protem nitwgen. With reference to amino acid requirement and riigr-stibilily ir 
most seed samples, lysine, followed by sulphur amino acids and threonine, were the limiting 
ammo acids. It was concluded, ihat Uiese less familiar wild seed plants may be used as valuable 
food or feed ccmplenients. However, f jrthcr investigation is necessary to elucidate potcnUal 
toAic aufJ antinutntional factors. 

key words: Amino acid composition, Availahic lysine, Nigeria, Nitrogen content. Protein 
aiges jbiUty corrected amino acid score, Ikspical crt)p seeds 



Introductioai 



Protein foods, particularly mnma} protein, have continued to be in short sup- 
ply in Nigeria and snost developing countries. This contributes to protein- 
energy malnutrition being the most important nulritionai pmbieni, especial 
ly in regions where diets are derived mainly from starchy root and tuber 
crops. With the rate of agricuitural food production ever lagging behind pop- 
ulation inciease. available protein sources are in short supply, high prices 
not v^riihstanding [1-4]. Future projections do not show much improvement 
and a situation has arisen wherein farm animals compete with man for the 
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Table I. Characterization of selected tropical crop seed;; 



Genus and species 


Fami ly 


Described'* 


Toxicity'' 


Use a5 foo<1 or feed*^ 


MiUettia thomiingii 


Lcguminosae 


yes 


? 


Ruminants 


Gliricidia sepium 


Lcguminosac 


yes 


yes 


Rnminants (leaves) 


Loiuzhocarpus sericeiLs 


Leguminosae 


no 


yes 


7 


Aibizia zy^ia 


Lcguminosac 


yes 


no 


Humans, Ruminants 


DaneillUi ogea 


t^guminOvSae 


yes 


no 


Humans 


Diospyms mespilifarmis 


Ebenaceae 


no 


no 


Humans 


A fzcliu helia 


IvSguminosae 


yes 


no 


Humans, Ruminants 


Entandrophragma angoUnse 


Meliaceae 


yes 


? 


7 


Glycine mat 0060-15?)^ 


Lcguminosac 




no 


Humans 



"l>escnhed by Keay [41 1 in 'Trees in Nigeria'. 

^Stiyhean seed sample analyzed in comparison to the wil<J seed samples. 
''Hzeagu et a). [33] 
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same food. To overcome this problem, a solution must be sought through a 
muItidiscipUnary approach. One approach is the exploitanon of previously 
neglected and lesser known plants existing in the wild and natural bushes or 
forests [5-6]. 

Currently, there is an upsurge of worldwide interest in the search for 
development of new plant species with food potentials as complements to 
traditional crops or staples which are now in short supply. The exploitation of 
inexpensive alternative sources of protein for man and/or farm animals could 
measurably reduce malnutiition I? -Sj. Wild and lesser known plants could 
contain useful amounts of nutrients as indicated by some research [1, 9 -1 1 j. 
However, prior to their utilization, more data is needed to indicate their food 
and feed potential and their risks related to harmful substances. 

There 3s little information on the present uses of these selected species and 
the latter will vary with localities. However, cases of food {Diospyrosmespili- 
jbrmis, Daneillia ogea, Afzelia belia, Aibizia zygia), fodder use (AJzelia bel~ 
la, MiUettia xhomingii, Gliricidia sepium) and toxicity {Gliricidia sepiuni, 
Lonchncarpus sericeus) are known. Also fuel and timber production (Entan- 
dropkragma angolense, MiUettia thonningii) and medicinal uses {Diospyms 
mespilifarmis, MiUettia thonningii, Entandrophragma angolense) have been 
reported [12-13]. Most of these species are presently being screened for agro- 
forestry systems [141. Therefore, this study was undertaken to determine the 
ainino acid composition of 8 wild tropical plant seeds compared to a soybean 
grown in Nigeria. 
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Ccdlection of seed samples. Mature seed samples (35-50 kg) wen; harvested 
during dr>' period (October-January) from villages around the city of Ibadan 
with the help of the natives. Collections were taken from several plants to get 
a representative sample for the Ibadan region. The samples were identified at 
the Forestry Research Institute, Ibadan. liable 1 information includes a short 
characterization of the tropical crop sscds analyzed. The soybean sample 
{Glycine max. TGX I660~15F) was provided by The International Institute 
of Tropical Agriculture, Ibadan, Nigeria, and was analyzed for purposes of 
comparison to the wild seed samples. The raw seeds were milled to flours 
in a Wiley mill (Rekord A, Gbr. Jehinlich GmbH, Nossen, Germany) to 
pass a 0.5 mm mesh sieve and were stoied at 4^C until analvsis. Moisture 
content was detennined by dr>'ing at 110 using an oven (T603a Heracus 
Instruments, Haiiau, Germany) until weight constancy (at le^t for 24 hours). 

Nitragan analysis. Nitrogen was detennined by the standard micro-Kjeldahl 
method [15] using a digestion apparatus (Kjeldatherm System KT40, Ger- 
hardt Laboratoiy Instruments. Bonn» Germany) and a titration sysiera (T i 1 0 
TR160-TAi0-TMi20. Schott-GeratcGmbH, Hofheim, GermanV). ITae cmde 
protem content was calculated by multiplying %N by the factor 6,25. 

Determination of available lysine. Available lysine ( flu orodi nitrobenzene- 
reactive lysine) was estimated. The method of Carpenter [16] modified by 
Booth 1 17] was used. 

In vifm digestibility analysis. In vitro digestibility of the samples was assayed. 
The multienzyme technique of Hsu ct al. [18] was utilized. 

Amino acid analysis. Sample preparation was based on the recommendations 
made m the Report of the Joint FAOAVHO Expert Consultation [19-20|. To 
deteimine the amino acid composition, the seed samples were hydroiysed 
with 6 N HCl (2.5 mg nitrogen per 1 50 ml HCl; 24 hours) under reflux by a 
continuous flow of nitrogen, evaporated to dryness (40 'C), washed twice with 
distilled water to remove residual HCl and dried again. Noilcucinc serve<l as 
an internal standard. Cysteine and methionine, which are de.stroyed during 
the acid hydrolysis, were converted to acid-stable derivatives (cysteinic acid 
and mcthioninesulfone, respectjvely) by performic acid oxidation [21]. The 
oxidized .samples were then hydroiysed with 6 N HCi as de.scribed above. For 
tryptophan determination, alkaline hydrolysis was i>erformed according to 
Rowan et al. [22] using 4.3 N NaOH in teflon containers which were flushed 
with nilxogcn and placed in an oven (T 6030. fleraeus Instruments, Hanau. 



From (613) 952-8927 Order # 02356052DP01815064 Wed Dec 5 14:55:11 2001 



I 



154 

Germany) for 24hoi]irs maintained at nO°C. 5-mcthyl tryptophan was used 
as an internal standard. The hydrolyzed sampl^^s were stored at -IS'^C in 
citrate buffer at pK 2,2 prior to analysis. Amino acitis were analyzed by ion- 
exchange chromatography with post-column niiihydrin detection according 
to a modified procedure described by Moore et al. [23] usiixg an KPLC system 
(System Gold, Bcckman Instruments, Inc., San Ramon, USA). 

The protein digestibility corrected amino acid score (PDCAAS) of indis- 
pensable amino acids was calculated according to the recommendations of the 
Joint FAO/WHO Expert Consultation based on amino acid requirement of the 
preschool child, a protein factor of 6.25, and the in vitro protein digestibiUt>' 
value that was determined- The following equation was used 119] 

PDCAAS {%) 

(amino acid content in food protein) x (true digestibility) 

(amino acid content in 1985 FAO/WHO/UNU 
pattern for ages 2-5 years) 

The determinations were done in duplicate. Descriptive statistics are present- 
ed in Tables 2-5. All chemicals were purchased from Sigma-AIdrich Chemie, 
Deisenhofcn, G^many; Merck, Darmstadt, Germany; or Fluka Chemie, 
Buchs, Switzerland and were of analytical grade. 



Remits and dijscmssion 

The moisture, nitrogein and cmde protein contents of the various plant seeds 
are shown in Table 2. Marked differences in nitrogen content occured among 
seed varieties. Crude protein contents, based on the conversion factor N 
X 6-25 , ranged from 43,50 in Gliricidia sepium to 5,44% mDiospyrosmespili- 
forrnLx (Table 2). In comparison to soybean and some commonly cultivated 
legumes such as cowpea, pigeon pea, and lima beans [24-26], the contents 
of crude protein were found to be relatively high in Gliricidia sepiimt, Lon- 
chocarpEdssericeus axid Alhiziazygia. However, the conversion factor N x6,25 
used for purposes of uniformity for calculation in Table 2 may be corrected 
to account only for the nitrogen found as pmtein amino acids [20, 27], These 
correction factors and the corrected cmde protein contents arc also shown in 
Tabic 2 for the seed varieties analyzed. ITie correction factor of 1 .09 for the 
soybean seed sample is found to be in close agreement with those reported in 
the literature [20], For the seed samples studied, the correction factors were 
found to be in the range of 1.18-2.40. This is different than most of the plant 
foodstuffs* including wheat, rice or sunflower seeds, which are known to have 
coniection factors between 1 .00 and 1.1 8 [20]. 
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The legumes ar^ generaHy high in protein and. thus have the e«.a-.r 

rfs 1ZT '•"^■"'^ '"V"'*'^ ^(b'bA 

(iy.6%) Lonchocarpus .senceus 23.4%) and zveia iA^ 6%\ Th^ 

may be, .n part, due to other amino acids if non- pn>SS„ t^h ai a B 
dxamtnoprop,on,c acid or canavanine. Canavanin'e waTZd in sJgn ficin't 

Zndrr20 ^dTst ffT '"^ "^^^'"'^ ^^^^"^l non-identified com- 

nitrlLV^el;' T^^^^ f '"^^^^''8^"=^ ''^ "^^^'l total 
cSsk in if tLI^ 7 knowledge, this is the first report on the amino acid 

mJT SLr/ ? '^'"P**'^ exception of C/vc/«e 

Tabic 4 contains a summary of the PDCAAS-values. A high content of 
sulphuraminoac.dswasd^ 

D^aUa o,e.a (cysteme) and Diospyros me.piliformis (c^ystefne andl^hTo-" 
d^^^S f Jeguminous and other seeds may lower the 

^^^^^^ 
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Table 5. Available lysine content of selected tropical citjp seeds 



Seed 


Available 


AvailaMe lyjiinc 




lysine 


as%of totallysine 




(mg iysijie/g N) 


{%) 


Millettia thonmngii 


37S* 


115^ 


Gliricidia sepium 


204 


82 


Lonchocarpus sericeus 


243 


65 


Albizia zygia 


5ir 


233* 


DaneilUa ogea 


284 


84 


Diospyros mespilifomiis 


424" 


141' 


Ajzelia heUa 


282 


89 


Emandropktagma angolense 


273 


96 


Glycine max 


331 


78 



"Values overestimated as proposcsd to be due to saniple matrix. 



moieties in some glycoproteins found in leguminoiis proteins may contribute 
to a partial resistance to proteolytic digestion. Seeds from Diospyros mespili- 
formis were determined to contain a high percentage of total carbohydrates 
(77.2% [33]), thus, making the presence of such glycoproteins in some of the 
seeds possible* 

Based on the human amino acid requirements [19] and in vitro protein 
digestibiUty values (Table 4), in most seed samples, lysine was calculated 
to be the first or second limiting amino acid followed by the sulphur amino 
acids {Lonchocarpus sericeus, Albizia zygia) and by threonine {Gliricidia 
sepiutn, Entandrophragnm angolense) fl^ble 4). Calculation of the protein 
digestibiUty corrected amino acid scores is usually performed using the tnje 
digestibility values. However, it has been shown that the in vitro protein 
digestibility compares favorably with those obtained by in vivo methods 
applied in rats [34™36]. Furthermore, it should be noted that the low amino acid 
score values for all indispensable amino acids of the samples Albizia zygia, 
Gliricidia sepium ot Lonchocarpus sericeus (Table 4) may he attributed to the 
low ratio of proteinogenic amino acid nitrogen to total nitrogen as discussed 
above. 

FluoTodinitrobenzene-reactive lysine seems not to be a feasible indicator 
for nutritionally available lysine in some tropical seeds in contrast to its value 
in evaluating oilseeds [37] or rice bran [38]. In this study, artificially high 
values were observed in seeds of Millettia thomiingii, Diospyros mespiliformis 
and Albizia zygia (Table 5) which may be due to sample matrix factors related 
to the carbohydrate constituents [17. 20]. For the remaining seed samples, the 
available lysine expressed in percent relative to total lysine determined by 
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amino acid analysis ranged between 65 % {I^nchocarpus sericeus) and 96% 
(Entanclmphragma angolense). 

Considering the dau presented herein, some of these tropical crop seeds 
could play a substantial role in alleviating food and feed shortages in Nigeria 
and, elsewhere, if given adequate attention [9, 39-40]. These seeds may 
possibiy be utilized in supplementing diets or feeds for cattle or poultry 
and. thus, spare more of the scarce staples for human consumption. The low 
levels of particular indispensable amino acids could be coixected by fortifying 
the seed meals with appropriate purified amino acids [27]. However, further 
research into possible toxic constituents and their removal or inactivation 
through proper processing would be necessary. 



Acknowledgments 

1. Ezcagu was a scholar of the DA AD (DeutKcher Akadem^ischcr Austausch- 
dienst, Bonn, Germany) at die German Institute of Human Nutrition, Ailhur- 
Scheunert-Allee 114^116, D- 14558 Bergholz-Rehbriicke, Germany, The 
financial support is gratefully acknowledged. 



References 



le. 



11. 



Apnta DP,0!oghobo AD (1 994) Biochemical evaluation of some Nigerian legume seeds 
FfK)d Chem 49: 333-338. 

Coulter JUS. Suliman Gl Omcr MiA. Macfarlane SBJ, Moody JB, Henclncksoii RG 
42^^27^13^*^'""^''^^'^^^ rnalrmlrition in northern Sudan: Cliniciil studies. Eur J Clin Nutr 

Okigbo BN (1986) Broadening ihc food base in Africa: The potcmial of fjaditiomil food 
planus. Food and Nutr 12: 4-7. 

Univ P (1994) Ihc stale of world hunger. Nutr Rev 52: 151-161. 

Becker B (1986) Wild plants for human nutrition in the sahelian zone. J Arid Hnvironm 

1 1: 61-64. 

National Academy of Science USA (1975) Under-expioited tropical plants with promis- 
ing economic value. Report of Ad-hoc panel of the Advisory Committee on Technology 
InnovaUon. 

Piric NW (1966) The merits of food proteins from novel sources. Scicnt Proc Oxf ^4* 
401-^06. ■ ■ * 

3*^M ^i^^^^ ^"^""^^^ supplies of protein from unconventional sources. In: Poner 
JWO, Rolls BA (eds), Protein in human tujirilion, London: Academic Press, pp. 47-74. 
Badafu GIO (1993) Food potential of some unconventional oil seeds grown in Nigeria 
A bnef review. Plant Foods Hum Mutr 43: 21 1-224. 

Maduhuike RN, OjimelukwePC, Ajah PO (1994) Proximate composition, energy content 
atid physicochcmical properties of Afzelia afrU-mia and Brackystegia eurycotm seeds 
Plant Foods Hum Nutr 46: 339-344. - o j 

VanEtten Clf , Miller RW, Wolff lA, Jones Q (1 961) Amino acid composition of twenty- 
seven selected seed meals. J Agric Food Chem 9: 79-82. 





From (613) 952-8927 Order # 02356052DP01815064 Wed Dec 5 14:55:11 2001 



ia 



• 



161 

Hutchinson J» DaJziel JM (1973) hi ora of West Tropical Africa: The British West African 
TeiTUoncs, Liberia, the French and Portugiaese Territories South of Latitude 18 degrtx; 
N. to Lake Chad, and Fernando Po. By J Hutchinson and JM Dakicl: l^cp. and rev. at the 
Herbarium, Royal Botanic Gardens, Kcw, 2nd cdn. rev. by RWJ Kcay; London: Crown 
Agents for Oversea Governments and Adnriinistnitions, 
y I P^rrvii S. Whilfield PJ, Banlett A, Sanderson L (i994) Attenuation of Schistosoma 

y mafisoni cercariae with a moiluscicide derived Irom Millettia thonnuigii. Parasitol 109: 

559—563 



^ I Akinsinde BA (!995) personal communication. ICRAF/HTA Project, Ibadan,Nigcna 

^ i; ^ AOAC f 19S4) Official methods of analysis, 14th cdn. Arlington, VA, USA. 

I 16. Carpenter KJ The cstimarJon of available lysine in animal protein foods. BuKbem J 77- 
P 604-610. 



I '7- fi"oth VH (1971) Problems in the determinaiion of FDNB-availablc lysine J Sci hood 

|: Agric 22: 658-666. 

i;^ 18. Hsu HW, Vavak DL, Satterlee LD, Miller GA (1977) A multienzyme technique (or 

estimating protein digestibility. J Food Sci 42; 1269-1273. 
19. RA()AVHO(1991) Protein quality evaluation, Report of a joint BVO/WHO expert con- 
suJtation. Rome: Food and Agriculture Organization (hAO Fof)d and Nutrition Paper 
^ No 51). 

I- Pcllctt PL, Young VR (1980) Nutriiionat evaluation of protein foods. United Nations 

l-^niversily Food Nutr Bull, (suppl. 4) Tokyo, Japan. 
I ^ ^ • Weidner Flggum BO ( \ 966) Prclcin hydrolysiii description of Uje tncLhod used at the 

depattnnent of animal physiology in Copenhagen. Acta Agric Scand 1 6: 1 15-1} 9. 
I ^owan AM, Moughan PJ, Wilson MN ( 1 989) Alkaline hydrolysis fcr the determination 

I oi tryptophaii in biological samples. I'roc Nutr Soc New Zealand 14: 69-172. 
I S , Spackman DH, Stein WH ( 1 958) Chromalographv of amino acids on sulfonated 

I polyslyrenc resins. Anal Chem 30: )1S5-] 190. 

I 24. Aletor VA, Aiadetimi OO (1989) Compositional evaluation of some cowpea varieties 

I _ and some under-utilized edible legumes in Nigeria. Die Nahning 33: 999-1007. 

^ i ^^ic RH { 1979) Role of grain legumes in t.^opicaJ nutrition. In: Oguninodcdc BK (ed), 

I ^^'ocwfJing-sofNulrilionCongressin Africa. Ibadan: University fVess. pp. 151-154. 

i 26. Young VR, Peilctt PL (1994) Plant protein in relation to human pnotein and amino acid 

I nutrition. Am J Cli Nutr 59 (suppl): 1203S~121?S. 

r 27. I^achuk R ( 1 969) Nitrogen-to-protein conversion factors for cereals and oil seed meals 

;i: Cereal Chcm 46: 419-442. 

28. Mandal B, Majundar GS, Maity C:R (1984) Nutritional evaluation of Euiaiyptus kino- 
nUmo seed incal arid Acacia auriculaeformis .seed protein in rats. J Food Sci Tech 21* 

i 307-312. 

I 29. Mba AU. Njike MC, Oycnuga VA (1974) The proximate chemical composition and the 

I amino acid content of some Nigerian oil seeds. J Sci Food Agric 25: 1547-1553. 

I Phillips RD (1993) Starchy legumes in human nutrition, health and culture. Plant Foods 

^ |{umNulr44: 195-211, 

I 3 1 . Van Etten c:h, Kwoick WF, Pclcrs JE, Barclay AS (1967) Plant seeds as protein sources 

j: for food or feed: Evaluation based on amino acid composition of 379 species. J Acr Food 

i Chem 15: 1077-1089. 

f I I'^urcna AC, Rodriguc FM, Sabino NC, Zamora AF. Mendoza EMT (1991) Amine acid 

^. I composition, relative nutritive value and in vitro protein digestibility of several Philippine 

I indigenous legumes. Plant Poods Hum Nutr 41: .59-68. 

1 E^^^^e" Metges CC, ProilJ, Petzke KJ, Akinsoyinu AO (1996) Chemical composition 

^' I '^^'^'^ nutritive value of some wild gathered tropical plant seeds. Food Nutr BulL in press. 

I ^^keson WR, Stahmann MA f 1964) A pepsin-pancreatin digest index of protein quality 

I J Nutr 83: 257-261. h jr 

I; f^aga Lorcnz K, Onayami O (1973) Digestive acceptability of proteins m measured 

I by the initial rate of in vitro proteolysis. J Food Sci 38: 173-174. 



From (613) 952-8927 Order # 02356052DP01815064 Wed Dec 5 14:55:11 2001 



162 

36. Saunders RM, Conaor MA, Booth AN, Bickoff EM, Kohlcr GO (1973) Measurement of 
digestibility of aJfaifa concentrates by in vivo and in vitro methods. J Nutr 103; 530-53^. 

37. Kinsella 3E (1976) Functional properties of proteins in foods: A survey. CRC Cm Rev 
Fo(Jd Sci Nutr 7: 2 1 9-280. 

38. Prakash J, Ramanatham G (1995) Effect of stabilisation treatment of rice bran on nutri- 
tionai quality of protein concentrates. Int J Food Sci and Nutr 46: 177-1 S4. 

39. Gatahun AA (1974) The role of wild plants in the native diets m Ethiopia. Agro- 
Fxosystem 1 : 45-56. 

40. Herog F, Farah Z, Amado R (1994) Composition and consumption of gatJtered wild fruits 
in the V-Baoule, Cote D'lvoirc. Ecol Food and Nutr 32: 1 Rl-196. 

41. Kcay RWJ (1989) In: Trees ol Nigeria. Oxford. UK: Clarendon Press. 





